Introduction
In the recent ten years, the successful running of B factories BABAR and Belle has provided rich experimental data for B ± and B 0 , which has confirmed the Kobayashi-Maskawa CP asymmetry mechanism in the Standard Model (SM) and also shown hints for new physics (NP). Among the rich phenomena of B decays, the two-body charmless decays are the known effective probes of the CP violation in the SM and are sensitive to potential NP scenarios beyond the SM. The two body charmless B s decays will play the same important role for studying the CP asymmetries 
The measurement is an important mark of B s physics, and also implies that many B s decay modes could be precisely measured at the coming LHCb.
Compared with the theoretical predictions for these quantities in Refs. [6] , [7] and [8] , based on the QCD factorization approach (QCDF) [9] , the perturbative QCD (PQCD) [10] , and the soft-collinear effective theory (SCET) [11] , respectively, one would find the experimental measurements of branching ratios agree with the SM predictions within their large theoretical uncertainties. However, NP effects would be still possible to render other observable deviated from the SM expectation with the branching ratios nearly unaltered [12] .
The related decays B s → K ( * )− K ( * )+ , K ( * )− π + , K ( * )− ρ + have also been extensively studied in the literature [6, 7, 8, 13, 14, 15] . The four decays B s → K ( * )− K ( * )+ are governed by theb →suū transition at the quark level, which are penguin-dominated processes. The tree- B → ππ, πK puzzles [16, 17, 18, 19, 20] and the large transverse polarization anomaly in B → ρK * , φK * decays [21, 22, 23] . Although the discrepancies are not statistically significant, there is an unifying similarity pointing to NP (for example, [12, 24, 25, 26, 27, 28, 29, 30] ).
There could be also potential NP contributions in B s → K ( * )− K ( * )+ , K ( * )− π + , K ( * )− ρ + decays, which have been analyzed with different NP models [12, 30, 31, 32] . The measurements given in Eq. (1) will afford an opportunity to constrain NP scenarios beyond the SM.
Among the NP models that survived electroweak data, one of the respectable options is the R-parity violating (RPV) supersymmetry (SUSY). The possible appearance of the RPV couplings [33, 34] , which will violate the lepton and baryon number conservation, has gained full attentions in searching for SUSY [35, 36, 37, 38] . In this work, we will study the B s → K ( * )− K ( * )+ , K ( * )− π + and K ( * )− ρ + decays in the Minimal Supersymmetric Standard Model (MSSM) with R-parity violation by employing the QCDF. The four B s → K ( * )+ K ( * )− decays are all induced at the quark level byb →suū process, they involve the same set of RPV coupling constants.
The B s → K ( * )− π + , K ( * )− ρ + decays are due to b → duu at the quark level, and they also involve the same set of RPV coupling constants. Using the latest experimental data and the theoretical parameters, we have derived new bounds on the relevant R-parity violating couplings, which are consistent with the bounds from B u,d decays. With the constrained parameter spaces, we predict the RPV effects on the other quantities in
decays which have not been measured yet. We find that the R-parity violating effects on some branching ratios and direct CPA could be large. For example, the squark exchange couplings could enhance the direct CP asymmetry in the longitudinal polarized mode of B s → K * − ρ + to ∼ 73% and suppress the longitudinal polarization fractions of B s → K * − K * + and K * − ρ + to ∼ 0.5. The mixing-induced CPA are also found to be sensitive to the RPV effects. Therefore, with the ongoing B-physics at Tevatron, in particular with the onset of the LHC-b experiment,
we expect a wealth of B s decays data and measurements of these observables could restrict or reveal the NP parameter spaces in the near future.
The paper is arranged as follows. In Sec. 2, we give the expression of the CP averaged branching ratios, the direct CPA, the mixing-induced CPA and the polarization fractions within
where the RPV SUSY effects are included. We also tabulate the theoretical inputs in this section. Sec. 3 deals with the numerical results. We display the constrained parameter spaces which satisfy the present experimental data of B s decays, and then we use the constrained parameter spaces to predict the RPV effects on the other observable quantities, which have not been measured yet in
Sec. 4 contains our summary and conclusion.
2 The theoretical frame for B → M 1 M 2 decays
The decay amplitudes in the SM
In the SM, the low energy effective Hamiltonian for the ∆B = 1 transition at the scale µ ∼ m b is given by [39] 
here λ q p = V pb V * pq for b → q transition (p ∈ {u, c}, q ∈ {d, s}) and the detailed definition of the operator base can be found in [39] .
With the weak effective Hamiltonian given by Eq. (2), one can write the decay amplitudes for the general two-body hadronic B → M 1 M 2 decays as
The essential theoretical difficulty for obtaining the decay amplitude arises from the evaluation of hadronic matrix elements M 1 M 2 |Q i (µ)|B , for which we will employ the QCDF [9] throughout this paper.
The QCDF [9] allows us to compute the non-factorizable corrections to the hadronic matrix elements M 1 M 2 |Q i |B in the heavy quark limit. The factorization formula reads
where
is the appropriate form factor, Φ M are leading-twist light-cone distribution amplitudes and the star products imply an integration over light-cone momentum fractions. By the above factorization formula, the complicated hadronic matrix elements of four-quark operators are reduced to simpler non-perturbative quantities and calculable hard-scattering kernels
Then the decay amplitude has the form
where the effective parameters a p i including nonfactorizable corrections at order of α s . They are calculated from the vertex corrections, the hard spectator scattering, and the QCD penguin contributions. The parameters b p i are calculated from the weak annihilation contributions. The factorized matrix element is given by
which can be expressed in terms of the corresponding decay constants and form factors. We will use the QCDF amplitudes of these decays derived in the comprehensive papers [6, 13] as inputs for the SM amplitudes.
R-parity violating SUSY effects in the decays
In the most general superpotential of MSSM, the RPV superpotential is given by [33] 
whereL andQ are the SU(2)-doublet lepton and quark superfields andÊ c ,Û c andD c are the singlet superfields, while i, j and k are generation indices and c denotes a charge conjugate field.
The bilinear RPV superpotential terms µ iLiĤu can be rotated away by suitable redefining the lepton and Higgs superfields [35] . However, the rotation will generate a soft SUSY breaking bilinear term which would affect our calculation through penguin level. However, the processes discussed in this paper could be induced by tree-level RPV couplings, so that we would neglect sub-leading RPV penguin contributions in this study.
The λ and λ ′ couplings in Eq. Figure 1 : RPV tree level contributions to b → uūq process.
where Eq. (8),
and β 0 = 11 − 
Generally, the product RPV couplings can be complex and their phases may induce new contribution to CP violation, which we write as
The RPV coupling constant Λ ∈ {λ, λ ′ , λ ′′ }, and φ RP V is the RPV weak phase, which may take any value between −π and π.
For simplicity we only consider the vertex corrections and the hard spectator scattering in the RPV decay amplitudes. We ignore the RPV penguin contributions, which are expected to be small even compared to the SM penguin amplitudes, this follows from the smallness of the relevant RPV couplings compared to the SM gauge couplings. Thus, the bounds on the RPV couplings are insensitive to the inclusion of the RPV penguins [40] . We also neglected the annihilation contributions in the RPV amplitudes. After Fierz transformations, the relevant NP operators due to squark exchanges are (ūγ
The factorized matrix element of these new RPV operators is given as follows
with
Using QCDF, we can obtain the RPV amplitudes of
decays. There are two independent RPV amplitudes, given by
are the one-loop vertex corrections and hard spectator interactions for the new RPV operators, respectively. The RPV amplitudes for
As for V ′ (M 2 ) and H ′ (M 1 M 2 ) for M 1 M 2 = P P, P V, V P, V V cases, the explicit results are same as these of SM operator (ūγ
case. And we get
The total decay amplitude
From the above discussions, the total decay amplitude are then given as
The corresponding branching ratios read
where τ Bs is the B s lifetime, |p c | is the center of mass momentum in the center of mass frame of the B s meson. In the B → V V decay, the two vector mesons have the same helicity, therefore three different polarization states are possible, one longitudinal and two transverse, and we define the corresponding amplitudes as A 0,± . Transverse (A ,⊥ ) and helicity (A ± ) amplitudes are related by A ,⊥ =
. Then we have
The longitudinal polarization fraction f L is defined by
For the CPA of neutral B meson decays, there is an additional complication due to B 0 −B 0 mixing. There are four cases that one encounters for neutral B 0 decays, as discussed in Ref.
[ 41, 42, 43, 44] .
• Case (i):
• Case (ii): B 0 → (f =f) ←B 0 with f CP = ±f , involving final states which are CP eigenstates, i.e., decays such as B 0
• Case (iii): B 0 → (f =f) ←B 0 with f CP = ±f , involving final states which are not CP eigenstates. They include decays such as B 0 → (V V ) 0 , as the V V states are not CP eigenstates.
• Case (iv): 
where k = 0, , ⊥ for B → V V decays and k = 0 for B → P P, P V decays, in addition,
for CP cases (ii) and (iii).
Case (iv) also involves mixing but requires additional formulas. Here one needs the four time-
These time-dependent widths can be expressed by four basic matrix elements [44] 
which determine the decay matrix elements of B 0 → f &f andB 0 → f &f at t = 0. We will also study the following quantities
Input Parameters
The input parameters are collected in Table I . In our numerical results, we will use the input parameters which are varied randomly within 1σ range. The Wilson coefficients C i are evaluated at scales µ = m b [39] . For hard spectator scattering, we take µ h = Λ QCD m b . When we study the RPV effects, we consider only one RPV coupling product to contribute at one time, neglecting the interferences between different RPV coupling products, but keeping their 1 We use a similar sign convention to that of [45] for self-tagging B 0 and charged B decays.
interferences with the SM amplitude. We assume that the masses of the sfermions are 100 GeV.
For other values of the sfermion masses, the bounds on the couplings derived in this paper can be easily obtained by scaling them by factorf 2 ≡ ( mf 100 GeV )
2 .
Numerical results and Analysis
Now we are ready to present our numerical results and analysis. First, we will show our estimations in the SM with the parameters listed in Table I and compare with the relevant experimental data. Then, we will consider the RPV effects and constrain the relevant RPV couplings from the experimental data. Using the constrained parameter spaces, we will give [47] f Bs = (0.245 ± 0.025) GeV. [50] λ B = (0.46 ± 0.11) GeV.
[51]
[ 6, 13] the RPV SUSY predictions for the branching ratios, the CP asymmetries and the longitudinal polarization fractions, which have not been measured yet in • Our results of B → P P and P V are obtained excluding the uncertainties of power corrections parameterized by the quantities X A and X H . In the QCDF, the endpoint divergent integrals appear in the hard-scattering contributions and in the weak annihilation contributions, which are treated with model-dependent parameters [6] 
, respectively. The different X A values are allowed for the four cases P P , P V , V P and V V . Our results of B → P P, P V are obtained without the • ) in Ref. [13] . We also consider the large annihilation contribution and suggest ̺ H = 0, ̺ A = 0.6 ± 0.2 and ϕ A = (−40 ± 10)
• .
The annihilation topology obviously contributes to B, A
It is also noted that annihilation contribution could cancel voluminous penguin contribution in A L,dir
• For CP case (iv) B s → K * − K + decay, the final state can come both from a pure B s and a pureB s , the amplitudes for the direct decay B s → K * − K + and the mixing-induced
, which imply that its direct CP violation is very small, nevertheless its CP violating effect can appear through the interference of the direct decay B s → K * − K + and the mixing-induced decay
In addition, the theoretical predictions for above CP asymmetry parameters suffer large uncertainties, which are dominated by the uncertainties of mass and the Gegenbauer moments in the expansion of the light-cone distribution amplitudes, and also due to the uncertainties of the form factors and the CKM matrix elements.
• In penguin-dominated decay B 
• A L,mix
ence between them arises from chirally-enhanced terms, which give large contribution to penguin-dominated decay modes with pseudoscalar final-states.
• For the color-allowed tree-dominated decays within 1σ error-bar of the experimental bounds. Within 2σ error-bar of the experimental data, one can find the allowed spaces of these two RPV coupling products which are given in Fig. 2 (c-d) . One can find that the RPV weak phases only 
have the positive values, the RPV weak phase of λ 
Furthermore, the strengths of the two RPV coupling products are restricted strongly, which are summarized in Table IV . For comparison, the existing bounds on these quadric coupling products, which obtain from B u,d decays of the same quark level process [29, 52] are also listed. Note that, previous bounds-I of Ref. [29] are obtained by considering the experimental constraints of all relevant decay modes at the same time, so the allowed RPV coupling spaces are very narrow. In Ref. [52] , the bounds are given through experimental restraints mode by mode. Our bounds on λ [52] , and just a little weaker than these in Ref. [29] in Ref. [29] and ours [0.67, 1.90] × 10 −3 , therefore, it should be of order 10
Next, we will use the constrained parameter spaces from B s → K − K + and K − π + decays, as shown in Fig. 2 , to predict the RPV effects on the other quantities which have not been Table V and Table VI , respectively.
Comparing the RPV SUSY predictions given in Table V and Table VI to the SM values   listed in Table II and Table III , we give some remarks on the numerical results.
• All branching ratios can be greatly changed by the RPV couplings compared to the SM expectations.
• The RPV effects on A decays.
• The mixing-induced CPA in • The squark exchange couplings λ • Fig.3 displays the effects of RPV coupling λ Fig. 2(a) 
have smaller range with |λ
could be close to zero in entire φ RP V range. As shown in Fig. 3(h-k) , four mixing-induced • The effects of λ Fig. 4(b 
has narrow ranges with the constrained |λ ′ * i13 λ ′ i12 | and |φ RP V |. Fig. 4(d-f) show the RPV effects in relevant mixing-induced CPA.
| and they first increase and then decrease with |φ RP V |.
• In Fig. 5 , we plot B, • Fig. 6 shows the effects of the RPV couplings λ 
Conclusions
In conclusion, we have studied the eight decay modes B s → K ( * 
